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Introduction
There is a growing literature documenting emotion regulation [ER] problems after brain damage, and their impact on emotional adjustment and social functioning (Abreu et al., 2009; Bechara, 2004; Beer & Lombardo, 2007; Lewis, Lamm, Segalowitz, Stieben, & Zelazo, 2006; McDonald, Hunt, Henry, Dimoska, & Bornhofen, 2010; Obonsawin et al., 2007; Salas, Gross, & Turnbull, 2014; Salas, Gross, Rafal, Viñas-Guasch, & Turnbull, 2013; Salas, 2012; Tate, 1999) . Current experimental evidence appears to suggest that damage to the right hemisphere, and particularly right prefrontal cortex [rPFC] , impairs patients' capacity to modulate emotion. It has been noted, for example, that individuals with rPFC damage present more frequent emotional problems, which may result in inppropriate sympathetic responses (Hilz et al., 2006) , emotion-based decision making impairment (Manes et al., 2002; Tranel, Bechara, & Denburg, 2002) , delusional pathology (Feinberg, Venneri, Simone, Fan, & Northoff, 2010; Feinberg, 2011) and neuropsychiatric disorders like mania and alexithymia (Cummings, 1997 , for a review). The mechanisms by which ER becomes impaired after rPFC lesions are yet unknown. However, it has been proposed that this cortical area has a special role integrating cognition and affect (Stuss & Alexander, 1999; .
There is a large body of literature suggesting that response inhibition, namely the process of withholding unwanted prepotent reflexive actions Dillon and Pizzagalli, 2007 ) is a key element of ER and self-regulation (e.g. Barkley, 1997 Barkley, , 2001 Hofmann, Schmeichel, & Baddeley, 2012; Quirk, 2007; Thayer & Lane, 2000) . Interestingly, a number of studies have linked response inhibition to the rPFC. For example, neuroimaging findings (Aron, 2007; Aron, Robbins, & Poldrack, 2004; Chambers, Garavan, & Bellgrove, 2009; Dillon & Pizzagalli, 2007; Forstmann et al., 2008; Levy & Wagner, 2011; Rubia, Smith, Brammer, & Taylor, 2003) and transcranial magnetic stimulation studies (Chambers et al., 2006 (Chambers et al., , 2007 have suggested that response inhibition is mediated by a right hemisphere lateralized network, centered on the Inferior Frontal Gyrus [rIFG] (for a review see Aron, Robbins, Russell & Poldrack, 2015) . Neuropsychological studies have found evidence of impaired response inhibition in rPFC lesioned patients, thus confirming the neuroimaging findings. Specifically, damage to the rIFG is associated with increased latencies of inhibitory stop-signal in go/no-go tasks (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003) and perseverative deficits in switching tasks (Aron, Monsell, Sahakian, & Robbins, 2004) , suggestive a generalized deficit in negotiating rapidly changing behavioral demands.
An important, issue, not addressed by the literature so far, is the role of rPFC in response inhibition when performing emotional, rather than speeded motor tasks. To our knowledge, only one neuroimaging study has used an emotional inhibition paradigm, or interference paradigm, to examine the neural correlates of inhibiting facial emotional expressions in healthy controls (Lee, Dolan, & Critchley, 2008) . The authors reported that during the inhibition of emotional expressions, activation of right insula, rSTS and rIFG was observed. Additionally, the activation of IFG was also positively correlated with the self-reported frequency of use of suppression. To the best of our knowledge, no neuropsychological study has explored yet whether damage to rPFC compromises the inhibition of emotional responses, despite the wellknown association between rPFC damage and emotion regulation problems.
The Process Model of ER (Gross & Thompson, 2007) lists a set of strategies that people use in order to regulate emotional experience. It has been noted that supression and amplification, both belonging to the family of response modulation strategies, regulate affect by influencing emotion-response tendencies (Gross, 1998; Gross & Thompson, 2007) . When suppressing, for example hiding a smile when it is not polite to show that you find something amusing, people voluntarily decreases emotion-expressive behavior while emotionally aroused (Gross & Levenson, 1997; Gross, 2014) . In contrast, with amplification, individuals voluntarily augment an already initiated emotion, this, in order to cope with the requirements of the context 2009).
Suppression is a complex process, since it requires not only control of facial expressions (Beer and Lombardo, 2007) , but also inhibition of other behavioral displays triggereed by the felt emotion (Gross, 1999; Gross & John, 2003; Gross & Thompson, 2007; Kühn, Gallinat & Brass, 2011) . In experimental settings, suppression is commonly assessed by asking participants to inhibit the expression of emotions triggered by external stimuli (Gross & Levenson, 1997) . While neuroimaging studies have suggested that rPFC is activated during suppression (e.g. Goldin, McRae, Ramel, & Gross, 2008; Lévesque et al., 2003) , no study has examined whether suppression is compromised in patients with lesions to rPFC.
In the present study we examined the anatomical correlates of response modulation, and in particular, the relationship between response inhibition and suppression. We asked individuals with rPFC lesions, and normotypical controls, to suppress the facial expression of their emotional state, particularly in relation to one intense positive emotion: amusement. In this task, participants were asked to control their facial emotional expressions, while shown standardized film clips that elicited amusement. Prior to each viewing, they were given three different instructions: (i) watch spontaneously, (ii) suppress [hide] , and (iii) amplify. Selfreport measures were used to assess the effectiveness of the emotional induction procedure, and facial behavior analysis (FACS, Ekman, Friesen, & Hager, 2002) 
Materials and Methods

Participants
Ethical approval was granted by Bangor School of Psychology Ethics Committee and the Betsi Cadwaladr University Health Board. Healthy controls were matched with ten participants with acquired brain injury, referred by neurologists from the Bangor University School of Psychology. A unilateral focal brain lesion, due to stroke, that involved the rPFC was the main inclusion criterion for the neurological group. The lesion could involve exclusively the rPFC or extend to the posterior areas of the RH [rPFC+right posterior]. Several exclusion criteria were considered, such as time since injury [no less than 6 months] and language ability [no moderate or severe language impairment]. Clinical details and aetiology of the neurological sample are presented in Table 1 , and the lesion reconstruction of the rPFc group can be observed in Fig 1. ----------------Insert here Fig 1 --- -----------------Insert Table 1 here -----------------
Procedure
Eligible participants were seen twice. Assessment across two sessions was useful to avoid the impact of fatigue on the neurological group. During the first session the goal of the experiment was explained to participants and consent was obtained. Participants had been screened by a board certified behavioural neurologist for evidence of dementia using a informant base interview. Measures of overall cognition were also collected. In the second session participants completed a response modulation task, and measures of executive function were obtained. At the end of this session participants were debriefed.
Instruments
Overall Cognitive Assessment: The Mini Mental State Examination (Rovner & Folstein, 1987) , Telephone search and telephone search dual task (TEA, Robertson, Ward, Ridgeway, & Nimmo-Smith, 1994) , Token Test (De Renzi & Faglioni, 1978) , Logic Memory (Weschler, 1987) , Rey-Osterrieth Figure (Stern, Singer, Duke, & Singer, 1994) and the Frontal an overall profile of cognitive function.
Executive Functions Assessment: A set of neuropsychological tasks was used to obtain a profile of executive function. Digits Forward and Backward (Weschler, 1981) , Verbal Fluency (Delis, Kaplan, & Kramer, 2001) and Similarities (Weschler, 1981) . Measures of inhibition included conflicting instructions (Stuss & Benson, 1986) inhibitory control (Drewe, 1975) and environmental autonomy (Lhermitte, Pillon, & Serdaru, 1986) .
Emotional Symptomatology and Suppression usage:
In order to assess the presence of symptomatology, the Hospital Anxiety and Depression scale (HADS, Zigmond & Snaith, 1983 ), a self-report questionnaire, was employed. The HADS has been shown to be a sensitive tool in assessing depression and anxiety symptoms in acquired brain injury population (Dawkins, Cloherty, Gracey & Evans, 2006) . To calculate the use of suppression in daily life, the Emotion Regulation Questionnaire (Gross and John, 2003) was applied.
Emotional Experience Self-Report Emotional experience during the Response Modulation task [see below] was assessed using a self-report questionnaire adapted from the PANAS-X (Watson & Clark, 1994) . Following a previous study (Salas, Radovic, & Turnbull, 2011), 12 emotional words were selected from the discrete emotion scales of the PANAS-X. A 5-point likert scale was used to rate each word. Four emotional words were selected for the target emotion, and six words related to negative affect were also considered.
Facial Imitation task:
In order to determine participants' motoric control of facial expressions, a facial imitation task was adapted from Simmons, Ellgring and Smith (2003) . Participants were asked to imitate facial movements of the researcher, which correspond to Action Units described in the Facial Action Coding System (Ekman et al., 2002) .
Response modulation task:
This task is an adaptation from a previous study on response modulation in dementia (Henry, Rendell, Scicluna, Jackson, & Phillips, 2009) , in which subjects are asked to watch short video clips and manipulate their facial expression according to three different instructions: watch spontaneously, suppress or amplify. The spontaneous condition was always performed first. Then, inhibition and amplification conditions were alternated for each participant in order to avoid order effects. Based on the available evidence on emotion elicitation using film clips (Gross & Levenson, 1995; Hewig, Hagemann, Seifert, Naumann, & Bartussek, 2005; Rottenberg, Ray, & Gross, 2007) (Rottenberg et al., 2007) and used as neutral stimuli.
Participants sat in front of a 16" laptop in a quiet room. Headphones were used to avoid possible distractions. A video-recording camera was placed two meters in front of the subjects.
At the beginning of the task participants were told that they would watch a series of clips from movies and they would have to follow some instructions during each clip. Then participants watched the amusement-inducing clips. Neutral clips were viewed before each emotional clip.
A self-report questionnaire of experienced emotion, adapted from the PANAS-X (Watson & Clark, 1994) , was administered immediately after viewing each emotional clip [see Fig 1] .
The instructions for each manipulation were also adapted from Henry and Cols (2009 In each condition participants were asked to repeat the main instruction before beginning the task (watch spontanoeus, hide or amplify), this, in order to show that they understood what they were expected to do. To control for potential memory confounds, participants were also asked to repeat the main instruction for each condition after watching the clip. All controls were able to accurately state the main instruction for each condition. As for individuals with rPFC damage, they were equally accurate describing the instruction in both 'spontanous' and 'hide' conditions. Nevertheless, two participants reported that during the 'amplify' condition the instruction was to 'watch the video'. However, when asked to describe what they were expected to do while watching the video, both correctly stated 'to show as much emotion as I can'.
Data Analysis
Data reduction
In order to measure facial expressive behavior, the Facial Action Coding System, (FACS, Ekman, Friesen & Hager, 2002) was used to code the appearance and frequency of facial changes while watching the emotional clips. Based on previous research (Ambadar, Cohn, & Ian, 2009; Coan & Gottman, 2007; Paul Ekman, 2003; Rottenberg, Kasch, Gross, & Gotlib, 2002; Soussignan, 2002) (Ekman, Davidson, & Friesen, 1990; Ekman & Friesen, 1982; Frank, Ekman, & Friesen, 1993; Soussignan, 2002 ).
----------------Insert here Fig 3---------------
The coding process involved two FACS certified coders who were blind to the participant's group, and to the video's condition [spontaneous, hide, amplify] . As a first step, all action units [facial events] that appeared in each video were coded, following Ekman, Friesen and Hager (2002) guidelines. A new facial event was coded when: (1) an action unit appeared from a neutral background; (2) there was a qualitative increase in intensity [2 or more points] in an existing action unit; (3) a new action unit was added to an already existing configuration. As a second step, facial events that included the 'Duchenne Smile' [AU 12+6], and those that included AU 12+6 and 'smile controls', were considered for further analysis.
This decision was based on available evidence suggesting that, when smiling, people tend to show a high frequency of lower face actions units (e.g. AU 8 Lips Together; AU 17 Chin raise; AU 26 Jaw Drop), whose muscular action potentially counteract the upward pull of the zygomatic major smile [AU 12], or obscure the smile (Keltner, 1995) . Since these smile controls are not related to other emotional configurations, but simply are considered as attempts to microregulate facial displays, Duchenne Smiles that were accompanied by controls were also included in the analysis. There was a high agreement between coders in detecting the occurrence of AU 12+6 with and without smile controls [rs = .80].
Lesion Mapping
In order to examine the lesion anatomy in different subgroups of rPFC participants, we segmented and overlaid brain images obtained on a Phillips 3T Achieva scanner, housed in the School of Psychology at Bangor University. The 3D, T1 weighted images had a spatial resolution equal to or smaller than 1x1x1mm 3 (TR=8.4-13ms, TE=3-4.5ms) and whole brain coverage. Lesions were manually traced using the MRIcron software (Rorden et al, 2007a;  http://www.nitrc.org/projects/mricron). Individual's T1 weighted images were then normalized to the ICBM brain atlas using the unified segmentation routine (SPM12, Wellcome
Department of Imaging Neuroscience, University College London). Group and subgroup lesion overlap maps were generated by computing the conjunction of individual lesion maps.
To compare within the rPFC participants with and without behavioral deficits in emotional processing, we used the Non-parametric Mapping (NPM) module of MRIcron to perform voxelwise lesion mapping and contrast the lesion overlap between the impared and nonimpared groups. expression of intense positive emotion, no AU 12+6 was expected to be generated in the suppress condition. As a first step in the analysis of this variable, group differences between controls and individuals with rPFC were explored using a non-parametric test [Mann-Withney U]. As a second step, and due to the fact that group analyses can 'wash-out' differenes in performance inside each group (Shallice, 1988) , the frequencies of appearance of AU 12+6 in the suppress condition were described, both in neurological and healthy control groups. ----------------Insert here Table 2 -------------------
Research hypotheses data analysis
Hypothesis 4 [Cognitive
Generation of facial expressions
Participant's ability to generate facial expressions was explored using data from the motor task (imitation) and considering the productivity of facial displays during the spontaneous condition. In relation to the motor task, and specifically regarding the capacity to generate AU 12+6, all participants obtained a score of 1 (77%) or 2 (23%) on a scale of 1-6 -where 1 reflects a perfect imitation of long duration and 6 reflects no movement at all (Simmons, Ellgring & Smith, 2003) . When patients and controls were compared, no significant differences in the distribution of these scores were found (x 2 = .75, p = .39). In relation to the level of facial productivity during the spontaneous condition, it was observed that all participants were able 
Emotional Reactivity.
The three clips were effective eliciting similar levels of positive affect in patients and controls.
Both groups did not differ in the levels of self-reported positive affect across all three conditions (rPFC: X 2 (2) = 3.27, p = . comparable to those of controls, and therefore response modulation differences between the groups cannot be accounted by abnormal emotional reactivity.
-
----------------------Insert here Fig 4----------------------
Response Modulation Range
Participants with rPFC damage were less able to modulate suggest that when instructed to 'hide' emotional facial expressions, participants still present facial displays, probably related to the 'leakage' of the felt emotion (AU 12) and to its attempted regulation (smile controls).
----------Insert here Fig 6------------
In relation to the suppression of intense positive affect, or Duchenne Smiles, group comparisons did not show any significant differences between healthy controls and individuals with rPFC damage (U = 98.5, Z = -1.74, p = .08; Mean Ranking: rPFC = 15.35, HC= 11.43).
However, a more detailed analysis of individual performance during the suppression task offered valuable information to explore this research question further (see Table 3 ). In general, healthy controls were able to suppress the expression of intense positive affect. Individuals with rPFC lesions, on the contrary, showed a mixed performance, with some successfully inhibiting, while others presented with an abnormally high frequency of AU 12+6. Only two out of 15 [13.3%] healthy controls were unable to totally inhibit the expression of AU 12+6 in the suppress condition. These participants generated 1 and 2 AU 12+6 respectively. Four out of ten individuals with rPFC were unable to successfully inhibit the expression of AU 12+6.
Three out of the four participants that failed inhibiting AU 12+6 had a higher score than the poorest control [2 AU 12+6]. Hence not all subjects with rPFC present with supression impairment. However, an important proportion of the group does exhibit abnormal performance.
--------Insert here Table 3--------------
Suppression and cognitive inhibition.
The ability to suppress the expression of positive affect was associated with only one measure of inhibition: inhibitory control. Using non-parametric correlations [Spearman, rs] , an inverse relationship, of medium size, was found between inhibitory control and suppression ability [rs = -.36, p = .01]. No associations were found between suppression and sensitivity to interference or environmental autonomy. These data suggest that the capacity to withhold a prepotent response is correlated with the ability to suppress emotional facial expressions.
In addition, suppression usage, measured by the subscale of the Emotion Regulation 
Neuroanatomical findings on response modulation and suppression
The neuroanatomical analysis suggests that overall our rPFC group had the highest degree of lesion overlap in right insula and rIFG (see figure 1) . Indeed examining neuroanatomical information from the rPFC group revealed that all patients showed various degrees of insula lesion. Interestingly, the sub-group analysis, which separated patients who showed marked impairment in the suppression task from those who performed within the normal range, indicated that damage to the right posterior insula (MNI coordinates: 47, -12, 5) was associated with impairment in the suppression of emotional responses (Fig. 7) . On the other hand, rPFC patients who showed normal performance in the task had a lesion centered on the anterior Insula (MNI coordinates: 40, 26, 4) . Contrasting the pattern of lesion overlap between the two subgroups using the non-parametric Liebermeister measure (Rorden et al., 2007b) revealed that lesion in the posterior insula extending to the superior temporal gyrus is correlated with the behavioral deficit observed (z=1.754, p=0.05 FDR corrected). We further checked whether such difference in behavioral deficit could be explained by a general difference in lesion volume. Correlational analyses found no significant associations between lesion volume and performance in the suppression task (r=-.3872, p=0.27), nor the response modulation task (r=-.2265, p>0.53). Thus, we conclude that only a limited area, that is posterior insula, is specifically associated with impaired suppression.
------------------Insert Figure 7 here -------------------
Results Summary
The present study appears to partially support the idea that the damage to rPFC compromises the ability to modulate the expression of emotional responses. As a group, individuals with rPFC lesions are less able than controls in the voluntary manipulation [amplifying and suppressing] of their emotional facial expressions, thus presenting a more restricted range of modulation. When looking at suppression ability alone, the performance of patients with rPFC damage is strikingly mixed; some participants appear to fall within the normal range, while others present a markedly abnormal performance. Anatomically speaking, results from the lesion analysis suggest that damage to the right posterior insula is associated with markedly abnormal performance on the suppression task. However, due to the small size of subgroups with anterior and posterior insula damage, this result needs to be considerd cautiously as preliminary evidence. Data from the PANAS, motor imitation task, and spontaneous condition, suggest that this impairment cannot be explained by an inability to trigger, experience or display positive emotions. Finally, these results also offer supporting evidence for the relationship between suppression and inhibitory control, since behavior in the suppression task, and self-reported suppression frequency of use, are both associated to cognitive measures of inhibition.
Discussion
As reviewed in the introduction, there is a subtantial body of literature suggesting that emotion dysregulation is frequent after rPFC lesions. However, one of the main limitations of this line of research has been the lack of an adequate theoretical framework for ER. The present study is the first to explore ER impairment after rPFC lesion, using a well-known model of ER (The Process Model, Gross & Thompson, 2007) and a widely used experimental suppression task.
Furthermore, this study is unique, in that it tests whether response modulation, or the capacity to voluntarily manipulate the expression of emotional experience, is compromised after rPFC damage.
The most important finding of this study refers to the relationship between suppression and rPFC damage. The data indicate that suppression impairment after rPFC lesions is not a homogenous deficit. Some participants [N = 6] performed similarly to controls, while others
[N = 4] showed a remarkably abnormal performance. As for the neuroanatomical findings, the data suggest a remarkably specific potential role of the right insula in suppresion. As can be seen in Fig. 6 all four of the patients who were severely impaired in the supression task had right posterior insula lesions, whereas this was not true for any of the unimpaired subjects of the patient group. Importantly, differences in performance on the supression task were not associated to total lesion volume, thus supporting the specificity of our finding.
Why is the insula important for suppression? A substantial literature now agrees (for a review see Craig, 2008) that the insula has a fundamental role in interoception, or the perception of the internal state of the body. It has been proposed by authors from the ER field that interoception has a role in supression since, in order to manipulate emotional expressive behavior, interoceptive awareness is required to adjust the external body in relation to internal emotional experience (Giuliani, Drabant, Bhatnagar & Gross, 2011) . This idea has been predominantly investigated using a range of neuroimaging techniques in non-brain injured patients (Hayes et al., 2010; Giuliani et al., 2011; Goldin et al., 2008; Lee et al., 2008) . Our findings confirm the potential role of the insula in supression, more importantly, using a completely different methodological approach and patient population. However, data from this study differ in that it is the posterior insula that has a key role in supressing emotional expressions. Notably, the posterior insula has been largely associated to interoceptive awareness, due to its reciprocal connectivity with the somatosensory cortex (Simmons et al., 2012) . These evidence, thus, offer further support to the idea that suppression requires interoceptive awareness to adjust behavioral emotioanal displays (Giuliani, Drabant, Bhatnagar & Gross, 2011) .
These data also open the interesting question of the relationship between cognitive control and the suppression of facial emotional experience. Thus far, the only cognitive control process associated with suppression has been verbal fluency (Goodkind, Gyurak, McCarthy, Miller, & Levenson, 2010; Gyurak et al., 2009) . It is intriguing that associations between suppression and inhibition have not been found, especially considering that suppression, by definition, involves the process of inhibiting the behavioral emotional display of an already triggered emotional response (Gross & Levenson, 1997) . The present study is the first to offer support for this theoretical assumption, by reporting an association between the capacity to withhold prepotent responses [response inhibition task] and the ability to suppress or hide the expression of feelings.
Why previous studies have not found a relationship between inhibition and suppression? It is interesting that studies addressing the role of cognitive control in suppression have commonly used a Stroop paradigm as an inhibition task (Gyurak et al., 2009; Gyurak, Goodkind, Kramer, Bruce, & Levenson, 2012 The results presented in the present study are also of relevance for neuropsychological rehabilitation, for they suggest that some individuals with rPFC lesions are particularly impaired in suppressing and amplifying their feelings according to contextual demands. These deficits may impact patients' social life, compromising the interpersonal regulation of emotions (Niven, Totterdell, & Holman, 2009 ) and the maintanence intimate interpersonal relationships (Bowen, Yeates, & Palmer, 2010) . For example, when experiencing joy at other's people misfortunate [the Schadenfreude phenomenon, Smith et al., 1996; van Dijk, Ouwerkerk, Wesseling & van Koningsbruggen, 2011] people may need to inhibit their expression of joy, in order to show socially appropriate concern or sympathy. In this case, inhibition of facial expression would allow suppression of the prepotent feeling, and thus tuning to the negative emotions experienced by the other. Loss of this ability may have devastating effects on patient's personal life. In a similar way, the ability to amplify positive emotions when witnessing someone else's accomplishment [a process sometimes termed "synhedonia", Royzman & Rozin, 2006] may also have an important role in fostering social bonds. In this case, the amplification of joy, would allow connecting to others, thus triggering a spiral of positive affect and increasing mutual well-being (Gable, Reis, Impett, & Asher, 2004 ). In the future, studies should address this problem and explore how specific forms of ER impairment, as the inability to suppress facial emotional expressions, can impact socio-emotional functioning as well as patients and relatives' quality of life.
There are some limitations of this study that need to be considered in order to interpret the data and improve the design of future experiments on this subject. Firstly, the analysis of facial expressions only included as a variable the frequency of Duchenne Smiles but not its duration. Future studies exploring the suppression of positive affect should address this issue, since there is some evidence suggesting that the duration of facial actions appears to offer a more accurate index of emotion than frequency alone (Ekman, Davidson & Friesen, 1990) . As a consequence, enjoyment smiles have a more 'consistent duration' than non-enjoyment smiles (Frank, Ekman & Friesen, 1993) . However, it has also been noted that capturing the temporal unfolding of a smile -e.g. duration, velocity of begining and ending-is extremely difficult when facial behavior is coded manually. This has led several authors to suggest the use of EEG, or automated facial analysis, in order to facilitate capturing these dynamic variables (Ambadar, Cohn & Reed, 2009; Ekman, Davidson & Friesen, 1990) . A second limitation of this study resides in the lack of ecological measures that target changes in emotional suppression as a direct consequence of the injury. Future studies should consider this point and incoporate other sources of data that can offer convergent validity to laboratory findings. The use of personality change questionnaires (e.g. Iowa Scale of Personality Change, Barrash et al., 2011) and indepth interviews, to both brain injured survivors and relatives, are potentially useful tools to gather this type of data.
Conclusions
Management of our emotional life is clearly of enourmous scientific and clinical relevance. Even though the study of ER has showed an exponential growth in experimental psychology during the last decade (Gross, 2014) , such knowledge has not been transferred yet to neuropsychology (for some exceptions see Salas, Gross & Turnbull, 2014; Salas et al., 2013 . This is surprising in view that emotion dysregulation is a common problem after brain injury, presenting clinicians with important challenges in the assessment and treatment of patients. Lesion studies could contribute greatly to the understanding of the neural basis of ER, and ER strategies, by complementing neuroimaging findings. . Patterns of lesion overlap for rPFC patients who presented abnormal performance on the suppression task (a) and those that performed within the normal range (b). The lesion overlap hotspot for the impaired group lies in the right posterior insula, while for the non-impaired group the site of maximum lesion overlap lies in the border between right anterior Insula and right IFG. Contrasting the lesion overlap pattern between the two groups revealed that the neuroanatomical correlates of the behavioral deficit lie in an area of posterior insula extending to superior temporal gyrus.
